Introduction
============

The major challenge faced by modern scientific and medical research is the need to develop new anticancer treatments with greater efficacy and fewer side effects.[@b1-ijn-13-075] Natural products have been widely used by our ancestors to combat illness, and that trend has been growing over the past few decades. Current medicines have been revolutionary in curing diseases, but their harmful side effects have led to the use of natural products. Curcumin is one of the many natural products containing such beneficiary properties. Curcumin is a polyphenol derived from *Curcuma longa* plant, commonly known as turmeric. Curcumin has been used extensively in Ayurvedic medicine for centuries, as it is nontoxic and has a variety of therapeutic properties including antioxidant, analgesic, anti-inflammatory, and antiseptic activities.[@b2-ijn-13-075] Recently, curcumin has been shown to possess anticancer activities through its effect on a variety of biological pathways. It has not been clinically used yet, due to its sparing solubility in water and low bioavailability. Various studies have reported that the bioavailability of curcumin could be increased by conjugating it with metal nanoparticles (NPs). Hence, in this study, we have made an attempt to synthesize AgNPs functionalized by curcumin and analyze its anticancer properties. The effects of curcumin-reduced AgNPs (C-AgNPs), L-tyrosine-reduced AgNPs (T-AgNPs), and free curcumin on the viability of human epidermoid carcinoma cell line (A431 cells) was compared.

Materials and methods
=====================

Curcumin AgNPs synthesis
------------------------

C-AgNPs were synthesized using the method described by Bettini et al with slight modifications.[@b3-ijn-13-075] Briefly, AgNO~3~ (10^−3^ M) was mixed with 10^−5^ M curcumin solution. The pH was adjusted to 9 using 1 M NaOH, and the solution was allowed to boil until the color changed to orangish yellow.

Synthesis of T-AgNPs
--------------------

T-AgNPs were synthesized using the method described by Selvakannan et al with slight modifications.[@b4-ijn-13-075] Briefly, AgNO~3~ (10^−3^ M) solution was mixed with 10^−3^ M aqueous solution of L-tyrosine in 1:1 ratio. The pH was adjusted to 10 using 1 M NaOH, and this solution was allowed to boil until the color changed to yellow.

Characterization of AgNPs
-------------------------

C-AgNPs and T-AgNPs were dialyzed for 24 h by 12 kDa dialysis bag against the copious amount of deionized water. This removed the unreduced ions of Ag and other reaction products, which might have formed during the NPs synthesis. Dialysis also decreased the pH (\~7) of NPs suspension, which was alkaline (\>9) as required by NPs synthesis. Hydrodynamic size and zeta potential of C-AgNPs and T-AgNPs were determined using Zetasizer Nano-ZS, and absorbance spectrum was determined using UV--visible spectrophotometer (Synergy HT multi-mode microplate reader).

Cell viability assessment
-------------------------

The effects of curcumin, C-AgNPs, and T-AgNPs was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (MTT) assay on A431 cell line.[@b5-ijn-13-075] A431 cells were commercially purchased from the National Center for Cell Sciences, Pune, India.

Results and discussion
======================

The hydrodynamic size and zeta potential of C-AgNPs and T-AgNPs were found to be 29.0±0.10, −27±2.30 and 41.72±0.21, −30.0±0.66, respectively ([Table 1](#t1-ijn-13-075){ref-type="table"}). The synthesized AgNP solutions were stable for more than a month. High zeta potential value further supports the high stability of AgNP solutions.

The UV--visible absorbance ([Figure 1](#f1-ijn-13-075){ref-type="fig"}) spectrum of C-AgNPs and T-AgNPs along with their respective controls was recorded as shown in [Figure 1](#f1-ijn-13-075){ref-type="fig"}. The maximum absorbance of C-AgNPs was found to be 420 nm, and it coincides with that of T-AgNPs, indicating that AgNPs have been successfully synthesized. Other solutions such as curcumin, AgNO~3~--NaOH, curcumin--AgNO~3~, and curcumin--NaOH after extensive boiling showed absorbance at 425 nm, 530 nm, 425 nm, and 460 nm. However, as clearly evident in [Figure 1](#f1-ijn-13-075){ref-type="fig"}, the absorbance intensity of these solutions was found to be very weak and did not match with the absorbance of AgNPs.

Human skin carcinoma cells (A431) were exposed to different concentrations of free curcumin, T-AgNPs, and C-AgNPs for 24 h, and cell viability was determined using MTT assay. Here, curcumin concentration corresponds to the amount of curcumin required to synthesize 40 and 60 μg/mL of C-AgNPs ([Figure 2](#f2-ijn-13-075){ref-type="fig"}). Free curcumin showed only marginal decrease in cell viability. However, T-AgNPs showed a concentration-dependent decrease in cell viability ranging from 20% (at 40 μg/mL) to 37% (at 60 μg/mL). However, exposure to C-AgNPs leads to significant reduction in cell viability ranging from 44% to 98.5% at 40 and 60 μg/mL concentrations, respectively ([Figure 2](#f2-ijn-13-075){ref-type="fig"}). This observation suggests that the synergistic anticancer effect of curcumin and AgNPs leads to cell death in A431 cells.

Conclusion
==========

C-AgNPs and T-AgNPs are found to be toxic to the skin carcinoma (A431) cells than free curcumin at higher concentration (60 μg/mL). Promising anticancer activity of C-AgNPs suggests its potential to be used as a chemotherapeutic agent for cancer treatment.
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###### 

Hydrodynamic size and zeta potential of C-AgNPs and T-AgNPs

  Characteristics             Nanoparticles   
  --------------------------- --------------- ------------
  Hydrodynamic size (d. nm)   29.0±0.10       41.72±0.21
  Zeta potential (mV)         −27.7±2.30      −30.0±0.66
  PDI                         0.25±0.002      0.22±0.009

**Note:** Data presented as mean ± SD.

**Abbreviations:** C-AgNPs, curcumin-reduced AgNPs; PDI, polydispersity index; T-AgNPs, L-tyrosine-reduced AgNPs.
